We report the results of optical spectroscopy of the blue supergiant Sk−69
INTRODUCTION
Mass loss from massive stars results (under proper conditions) in the formation of compact (pc-scale) circumstellar nebulae of various morphologies. Detection of CNO processed material in some of these nebulae by means of spectroscopic observations might indicate that their associated stars are at advanced stages of evolution, although it is also possible that massive stars can eject nebulae while they are relatively unevolved, i.e. still on the main sequence (e.g. Lamers et al. 2001) . Among the massive stars, the compact circumstellar nebulae are most often found around lu-⋆ E-mail: vgvaram@mx.iki.rssi.ru minous blue variables (LBVs). Namely, observations show that about 60 per cent of known bona fide and candidate LBVs are surrounded by such nebulae (Nota et al. 1995; Clark, Larionov & Arkharov 2005) . This is contrasted by the detection of only a few circumstellar nebulae around Wolf-Rayet (e.g. Marston 1995 ) and other types of evolved massive stars, and suggests that the duration of the LBV phase is comparable to the lifetime of their circumstellar nebulae (∼ 10 4 yr) and is much shorter than that of other major evolutionary phases in the life of massive stars.
A detection of compact nebulae can be considered as an indication that their associated stars are massive and (presumably) evolved (e.g. Clark et al. 2003) . Indeed, untargeted searches for compact infrared nebulae in the archival data of the Spitzer Space Telescope and the Wide-field Infrared Survey Explorer (e.g. Gvaramadze, Kniazev & Fabrika 2010; Wachter et al. 2010; Gvaramadze et al. 2012a) led to the discovery of many dozens of such stars, of which, as expected, the most numerous are LBV-like stars Gvaramadze & Kniazev 2017 , and references therein). With newly detected candidate and bona fide LBVs, the percentage of these stars with circumstellar nebulae has increased to more than 70 per cent (Kniazev, Gvaramadze & Berdnikov 2015; Gvaramadze & Kniazev 2017) .
The presence of compact nebulae around hot, luminous (non-Wolf-Rayet) stars could be used to consider them as ex-/dormant LBVs even if they currently do not show significant spectroscopic and photometric variability (e.g. Bohannan 1997) . On the other hand, it is still not fully clear at what point(s) in the evolution the massive stars become LBVs and produce their nebulae. Although it is likely that many LBVs are at advanced stages of stellar evolution, there are also observational hints that the LBV phenomenon might be related to stars which only recently left the main sequence or even still on it, and that the LBV-like nebulae might be ejected before their underlying stars become LBVs (Lamers et al. 2001) . A possible example of such a star -the blue supergiant Sk−69
• 279 in the Large Magellanic Cloud (LMC) -is the subject of this paper.
In Section 2, we present Sk−69
• 279 and its circumstellar shell. Section 3 describes our spectroscopic and photometric observations. The spectral classification of Sk−69
• 279 and the results of modelling of its spectrum with the stellar atmosphere code cmfgen are given, respectively, in Sections 4.1 and 4.2. Spectroscopy of the circumstellar shell is discussed in Section 5. In Section 6, we discuss the obtained results and some issues related to the content of the paper.
SK−69
• 279 AND ITS CIRCUMSTELLAR SHELL Sk−69
• 279 was identified as an OB star by Sanduleak (1970) using an objective prism survey for LMC members. Bohannan & Epps (1974) found in the objective prism spectrum of this star (object #619 in their survey of Hα emission-line stars in the LMC) the Hα emission line and an unspecified sharp emission feature bluewards of this line. Later on, Rousseau et al. (1978) classified Sk−69
• 279 as O-B0 (also based on an objective prism spectrum), while Conti, Garmany & Massey (1986) refined the spectral type of this star to O9 f using slit spectroscopy. Smith Neubig & Bruhweiler (1999) classified Sk−69
• 279 as a B0 II star using its International Ultraviolet Explorer (IUE) spectrum. This classification was indicated as tentative (i.e. B0 II:) because the luminosity class assigned by the ultraviolet (UV) spectral features does not agree with that implied by the derived absolute magnitude. Also, Smith Neubig & Bruhweiler (1999) found that the B star luminosity indicators -the Si iv, C iv, Al iii and Fe iii lines -are weak in the spectrum of Sk−69
• 279, which is a characteristic of most confirmed and candidate LBVs in their data set. The LBV nature of Sk−69
• 279 is also suggested by the presence of a circular shell of CNO processed material around this star (Weis et al. 1997) . But since the star does not show significant photometric variability, at least during the last decades, it was considered as an ex-/dormant LBV in the comprehensive study of LBVs in the Milky Way and Magellanic Clouds by van Genderen (2000; see also Section 3.2).
The circular shell around Sk−69
• 279 was discovered by Weis et al. (1995) using narrow-band imaging in Hα. In the discovery image, it appears as a complete circular shell with a diameter of 18 arcsec, which at a distance to the LMC of 50 kpc (Gibson 2000) corresponds to a linear size of ≈4.4 pc.Échelle spectroscopy of the shell revealed a high [N ii] λ6584/Hα ratio (a factor of 10 higher than in the background H ii region), which was interpreted as an indication that the shell is composed of stellar material (Weis et al. 1997) . It was also found that the shell expands with a velocity of 14 km s −1 and that the systemic velocity of the shell of 230 km s −1 is offset by 20 km s −1 with respect to the local medium (Weis et al. 1997) .
The mid-infrared counterpart of the shell around Sk−69
• 279 was discovered during our search for bow shocks generated by runaway massive stars in the Magellanic Clouds using the Spitzer Space Telescope Legacy Survey called "Surveying the Agents of a Galaxy's Evolution" (SAGE 1 ; Meixner et al. 2006 ) (for motivation and some results of this search, see PflammAltenburg 2010 and Kroupa 2011) . The survey provides 3.6, 4.5, 5.8 and 8.0 µm images obtained with the Infrared Array Camera (IRAC; Fazio et al. 2004 ) and 24, 70 and 160 µm images obtained with the Multiband Imaging Photometer for Spitzer (MIPS; Rieke et al. 2004) . Besides detection of bow shocks, we discovered in the LMC two circular shells of almost the same angular size, one of which turns out to be associated with the already known optical nebula produced by Sk−69
• 279 (Weis et al. 1995) , while the second one was previously unknown 2 . Fig. 1 shows Herschel Space Observatory (Pilbratt et al. 2010 ) 250 and 160 µm, Spitzer MIPS 70 and 24 µm and IRAC 8 µm, and Digitized Sky Survey II (DSS-II; McLean et al. 2000) red band images of Sk−69
• 279 (indicated by a circle) and its circular shell. The shell is clearly seen in the 24 µm image as a circular nebula of the same angular diameter as the optical one (i.e. ≈ 18 arcsec) with the northern edge somewhat brighter than the opposite one. The brightness asymmetry could be understood if the more brighter side of the shell impinges on a more denser ambient medium, as is evidenced by the presence of diffuse emission in the north direction attached to the shell in the Herschel 160 µm and Spitzer 70 and 8 µm images, or might be caused by stellar motion in the north direction (cf. Section 6). Fig. 1 also shows that there is a gleam of emission associated with the shell in the Spitzer 8 µm and DSS-II images.
The details of Sk−69
• 279 are summarized in Table 1 . The spectral type is based on our spectroscopic observations (see Section 4.1). The U magnitude is from Zaritsky 1 http://sage.stsci.edu/ 2 Follow-up spectroscopy of this shell showed that it is composed of unprocessed material, while spectroscopy of its central stars led to the discovery of a WN3b star in a binary system with an O6 V star and a separate B0 V star, which hints at the possibility that these stars are members of a previously unrecognized star cluster (Gvaramadze et al. 2014b) . et al (2004) . The BV Ic magnitudes are the mean values derived from our three CCD measurements in 2013-2016 (see Table 3 ). The coordinates and the JHKs photometry are taken from the Two-Micron All Sky Survey (2MASS) AllSky Catalog of Point Sources (Cutri et al. 2003 • . The PG900 grating was used to cover the spectral range of 4200−7400Å with a final reciprocal dispersion of 0.97Å pixel −1 . The spectral resolution full width at halfmaximum (FWHM) is 4.45±0.15Å. The total exposure time was 300 s. An Xe lamp arc spectrum was taken immediately after the science frames. Spectrophotometric standard stars were observed during twilight time for the relative flux calibration. Absolute flux calibration is not feasible with SALT because the unfilled entrance pupil of the telescope moves during the observations. Still, we were able to calibrate the spectrum by adjusting its V band flux to the mean V magnitude of the star of 12.81 (see Section 3.2) using programs described in Kniazev at al. (2005) . Primary reduction of the data was done in the standard way with the SALT science pipeline (Crawford et al. 2010) . Following long-slit data reduction was carried out in the way described in Kniazev et al. (2008) . The resulting reduced RSS spectrum is shown in Fig. 2 .
For spectral modelling, to search for possible spectral variability and to derive the rotational velocity, we obtained high-resolution spectra of Sk−69
• 279 with the SALT High Resolution Spectrograph (HRS; Barnes et al. 2008; Bramall et al. 2010; Bramall et al. 2012; Crause et al. 2014 ) -a dual-beam, fibre-fedéchelle spectrograph. The data were taken on 2016 October 27 and 2017 September 26 in the low-resolution (LR) mode of HRS. The spectra cover a spectral range of 3800-9000Å at a resolution of R = 16 000. The exposure time in each observation was 3000 s. Primary reduction of the HRS data was done using the SALT science pipeline (Crawford et al. 2010) , which includes over-scan and gain corrections, and bias subtraction. The rest of the reduction was done using the midas pipeline as described in detail in Kniazev, Gvaramadze & Berdnikov (2016) . Equivalent widths (EWs), FWHMs and heliocentric radial velocities (RVs) of some lines in the 2016's HRS spectrum (measured applying the midas programs; see Kniazev et al. 2004 for details) are given in Table 2 .
To investigate Sk−69
• 279 in the UV range, we retrieved its spectra, obtained with the Cosmic Origins Spectrograph (COS) on board the Hubble Space Telescope (HST), from the Mikulski Archive for Space Telescopes (MAST)
3 . The spectra were obtained with the G130M and G160M gratings covering the spectral range from 1170 to 1770Å with a resolution of R = 16 000 − 21 000.
Photometry
To search for possible photometric variability of Sk−69
• 279, we determined its B, V and Ic magnitudes on CCD frames obtained with the 76-cm telescope of the South African Astronomical Observatory during our threee observing runs in 2013-2016. We used an SBIG ST-10XME CCD camera equipped with BV Ic filters of the Kron-Cousins system (see e.g. Berdnikov et al. 2012) . The resulting photometry is presented in Table 3 . From table it follows that Sk−69
• 279 did not experience major changes in its brightness during the three years: its B, V and Ic magnitudes remained almost constant with mean values of 12.87±0.01, 12.81±0.01 and 12.69±0.01 mag, respectively. The V magnitude and the Also, we used data from the archives of the Digital Access to a Sky Century @ Harvard (DASCH; Grindlay et al. 2009) • 279 (based on 2979 measurements) also shows that the V -band brightness varies by ≈ ±0.1 mag. The OMC photometry, however, is contaminated by nearby stars within the 52.5×52.5 arcsec photometric aperture, which results in the systematic increase of the V magnitude by ≈0.9 mag.
SK−69
• 279: SPECTRAL ANALYSIS AND STELLAR PARAMETERS 4.1 Classification of Sk−69
• 279 Fig. 2 shows that the spectrum of Sk−69
• 279 is dominated by emission lines of H, He i, He ii, N ii and C iii, some of which show P Cygni profiles. Further emission lines in the spectrum (see Fig. 5 ) are permitted lines of O ii, N iii, C iii, Si iii-iv, and C iv.
To classify Sk−69
• 279, we use the classification criteria of Conti & Alschuler (1971) . Namely, the logarithm of the ratio of the EWs of the He i λ4471 and He ii λ4541 lines (see Table 2 ), log(EW4471/EW4541)=0.50±0.02, indicates that Sk−69
• 279 is an O9.5 star (see table 3 in Conti & Alschuler 1971) . The more recent classification criteria of Sota et al. (2014;  see their table 3) based on the ratios of peak intensities of absorption-line pairs, I(He ii λ4541)/I(He i λ4388)=0.8 and I(He ii λ4200)/I(He i λ4144)=0.9 (both slightly less than 1), and I(Si iii λ4552)/I(He ii λ4541)≪1, suggest that Sk−69
• 279 is an O9.2 star. The same spectral type also follows from the classification scheme for O stars based on the ratio of EWs of the lines He i λ4922 and He ii λ5411 (Kerton, Ballantyne & Martin 1999) : SpT = (9.04 ± 0.10) + (4.10 ± 0.23) log(EW4922/EW5411) . Table 2 , one finds SpT=9.26.
Using this equation and EWs from
To determine the luminosity class of Sk−69
• 279, we use table 5 in Conti & Alschuler (1971) and EWs of the Si iv λ4089 and He i λ4144 lines from Table 2 . With log(EW4089/EW4144)=0.56±0.02, one finds that Sk−69
• 279 is a supergiant, which agrees with location of this star in the LMC (cf. Nandy et al. 1984) . Similarly, using the dependence of EW of the S iv λ4483 emission line on the luminosity class of O stars (see fig. 4 in Morrell, Walborn & Fitzpatrick 1991) and the measured EW4483=140 mÅ (see Table 2 ), one finds that the luminosity class of Sk−69
• 279 is either Ia or Iab, while the ratio I(Si iv λ4089)/I(He i λ4026) of < 1 allows one to narrow down the luminosity class to Ia (see table 6 in Sota et al. 2011) .
The presence of the He ii λ4686 and N iii λλ4634-40-42 emission lines indicates that Sk−69
• 279 is an Of star (e.g. Sota et al. 2011) , we therefore add a suffix 'f' to the spectral subtype, which then becomes O9.2 Iaf.
Using B − V = 0.06 ± 0.01 (see Section 3.2) and the intrinsic colour of late O supergiants of (B − V )0 = −0.26 mag (Martins & Plez 2006) , one finds the colour excess of E(B − V ) = 0.32 ± 0.01 mag towards Sk−69
• 279, which is in a good agreement with independent estimates derived in Sections 4.2 and 5. With the distance modulus for the LMC of 18.49 and assuming AV = 3.1E(B − V ) (cf. Howarth 1983) , one obtains the absolute visual magnitude MV = −6.67 ± 0.03 mag. Then, with T eff = 24 kK (see Table 4 in the next section) and BC=−2.34 ± 0.05 mag (Crowther, Lennon & Walborn 2006) , one finds M bol = −9.01 ± 0.06 mag and log(L * / L⊙) = 5.50 ± 0.02, which well agrees with the results of spectral modelling. 
Spectral modelling
To determine the stellar parameters we have used the cmfgen model atmosphere code (Hillier & Miller 1998) . This code solves the radiative transfer equations for objects with spherically symmetric extended outflows using either the Sobolev approximation or the full comoving-frame solution of the radiative transfer equation. cmfgen incorporates line blanketing, the effect of Auger ionization and clumping. Every model is defined by the hydrostatic stellar radius R * , bolometric luminosity L * , mass-loss rateṀ , volume filling factor f , wind terminal velocity v∞, stellar mass M * , and abundances of included chemical elements Zi. Our calculations included H, He, C, N, O, Si, S, P and Fe. The massloss rate, density, and velocity are related to each other via the continuity equation. The best-fitting model is shown in Fig. 4 (UV range) and Fig. 5 (optical range) 4 . As an initial photospheric density structure we adopted the tlusty hydrostatic model atmosphere of Hubeny & Lanz (1995) and for deep quasi-static layers, which are connected to the wind with standard β-velocity law just above the sonic point. The β-velocity law is one of the basic simplifications typically adopted when constructing atmospheric models of hot stars. The radiationdriven wind theory (Puls et al. 1996; Lamers & Cassinelli 1999 ) predicts values of β = 0.5 − 1. Our study, however, suggests that a model with β=3 and the connection point located at approximately 40 km s −1 describes the observed spectrum better than models with other values of β and the connection point at 10 or 5 km s −1 . Although the values as high as β = 3 − 3.5 disagree with the theoretical predictions, they were often employed in modelling of (c)LBVs and blue supergiants (e.g., Kudritzki et al. 1999; Groh et al. 2009; Evans et al. 2004; Mahy et al. 2016) . One of the first discussions of the discrepancy between the modelling results and the theoretical predictions is given in Hillier et al. (2003) .
For measuring the stellar temperature T * (determined at the radius where the Rosseland optical depth is 20) and the effective temperature T eff (determined at the radius at Table 4 .
which the Rosseland optical depth is 2/3) with cmfgen, we compared the intensities of different ion lines (He i, ii; C iii, iv; N ii, iii; Si iii, iv) in the HRS spectrum, i.e., we used the traditional ionization-balance method.
To determine the luminosity of Sk−69
• 279, we recomputed the fluxes for the distance to the LMC. The resulting fluxes were corrected for the interstellar extinction, and then compared to the calculated spectra convolved with the transmission curves of the standard B, V and Ic filters.
The colour excess E(B − V ) towards Sk−69
• 279 was estimated by comparing the spectral energy distribution (SED) in the model spectrum with the observed UV and HRS spectra and photometric measurements compiled in Table 3 . We found that the slopes of the model and observed spectra match each other if E(B − V ) = 0.31 mag (Fig. 6 ). This value is within the error margins of E(B−V ) = 0.34 ± 0.02 mag derived from the Balmer decrement in the spectrum of the circumstellar shell (see Section 5).
As a next step, v∞ andṀ were estimated by using lines with P Cygni profiles and intensities of the emission lines. Our modelling also included the clumping described by the volume filling factor f =ρ/ρ(r), whereρ is the homogeneous (unclumped) wind density and ρ is the density in clumps. It is assumed that the clumps are optically thin, while the interclump medium is void (Hillier & Miller 1999) .
The filling factor depends on the radius as f (r) = f∞ + (1 − f∞) exp(−v(r)/v cl ), where f∞ describes the density contrast and v cl is a characteristic velocity at which clumping starts to be important. Šurlan et al. (2012, 2013) demonstrated that the clumping starts in the innermost layers of the wind, therefore we adopted v cl = 5 km s −1 and determined f∞ = 0.5 by fitting emission lines. Puls et al. (2006) and Najarro, Hanson & Puls (2011) studied the radial distribution of the clumping by simultaneous modelling of Hα, infrared, millimetre, and radio observations, and demonstrated that it decreases at large radii. And indeed, our computations show that, after adjusting all other parameters, the profiles of the Hα and Hβ lines are reproduced better if the clumping starts to disappear at velocities greater than 700 km s −1 . The simultaneous presence of 'hot' (e.g. He ii λλ4686, 5411) and 'cold' (e.g. N ii λλ6482, 6611) lines in the spectrum suggests that Sk−69
• 279 has an extended atmosphere with a large difference between T * and T eff . In Fig. 7 , we Table 3 , compared to the emergent flux of the reddened model spectrum (black/noisy line) with the parameters as given in Table 4 . (Martins et al. 2005) . The differently coloured regions correspond, from left to right, to densities ne > 10 12 cm −3 , 10 12 > ne > 10 11 cm −3 , 10 11 > ne > 10 10 cm −3 , 10 10 > ne > 10 9 cm −3 , and ne < 10 9 . The white vertical solid and dot dashed lines correspond, respectively, to a radius at which the Rosseland optical depth equals 2/3 and to a sonic radius. Black dotted and dashed lines plot, respectively, the wind velocity and temperature profiles as a function of radius (on a logarithmic scale).
plot the density, temperature and velocity profiles of our best-fit model atmosphere corresponding to T * ≈ 30 kK and T eff ≈ 24 kK (upper panel) and the model atmosphere of a 'normal' O9 supergiant (lower panel; Martins, Schaerer & Hillier 2005) . Comparison of the panels shows that Sk−69
• 279 has a more inflated atmosphere and a much slower wind velocity as compared with blue supergiants of similar spectral type (e.g. Markova et al. 2003; Mokiem et al. 2007 ). This could be connected with the bi-stability jump mechanism (Pauldrach & Puls 1990; Lamers & Pauldrach 1991) , which is manifested in a factor of 2 decrease in v∞ when T eff drops below a critical value of ≈ 21−25 kK (Vink, de Koter & Lamers 1999) , and in a drastic increase inṀ (Lamers, Snow & Lindholm 1995; Vink et al. 1999 ), accompanied by the formation of an extended atmosphere (Smith, Vink & de Koter 2004) .
With the 2016's HRS spectrum, we also estimated the projected rotational and heliocentric radial velocities of Sk−69
• 279. To determine the projected rotational velocity, v sin i, we used the correlations between this velocity and FWHMs of the He i λλ4026, 4144, 4388 and 4471 lines; see equations (1)- (4) tively, with a mean value of 97 ± 10 km s −1 (here we conservatively set the margins of error of 10 km s −1 ). This figure should be considered as an upper limit to the projected rotational velocity because the lines might be broadened because of macroturbulence. Note that a similar value of v sin i of 84±10 km s −1 was derived by Penny & Gies (2009) from UV lines in the Far Ultraviolet Spectrographic Explorer (FUSE) spectrum of Sk−69
• 279.
The heliocentric radial velocity of Sk−69
• 279 was obtained using RVs of lines not affected by P Cygni absorptions. We found the mean value of RV of 226 ± 3 km s −1 , which agrees with the systemic velocity of the shell (see Section 5). To search for possible radial velocity variability, we carried out a cross-correlation analysis on the two HRS spectra in the spectral range of 8460-8765Å , which is dominated by Paschen absorption lines. We found that in the second spectrum these lines become shifted bluewards by 16.3 ± 0.2 km s −1 . Although this change in the radial velocity might be caused by the duplicity of the star, the more likely explanation is that it is due to the photospheric variability, which is typical of luminous blue supergiants. For example, similar radial velocity variations were detected in the spectra of two blue supergiants with bipolar circumstellar nebulae, Sher 25 (Smartt et al. 2002; Taylor et al. 2014 ) and HD 168625 (Mahy et al. 2016) , both of which are considered to be cLBVs.
Comparison of the HRS spectra revealed further signatures of the wind variability. Namely, we found that i) the intensity of the Hα and Hβ lines has decreased by about 10 per cent in 2017, while the RVs of these lines remain the same (Fig. 8) , ii) the He ii λλ4541, 4686 and 5412 lines become shifter redwards, and iii) P Cygni profiles of He i lines (e.g. He i λλ4471, 4921, 5015, 5876 and 6678) show changes in their red wings, while the blue ones remain intact (see Fig. 8) .
A summary of the parameters of Sk−69 • 279 derived above is given in Table 4 . To this table we also added surface abundances of the basic elements in the atmosphere of Sk−69
• 279 and their uncertainties. The He/H abundance ratio was estimated by iterative adjustment of this ratio along with other physical parameters of the star to reproduce the overall shape of all He and H lines visible in both, UV and optical, spectra.
The nitrogen abundance was estimated by analysing the behaviour of all nitrogen lines in the optical range. As seen from Fig. 5 , we obtained more or less good fits for the N iii λλ3999, 4004, N iii λλ4510−47, N ii λλ4987, 4994 and 5002-25 lines. On the other hand, one can see that in the model spectrum the N iii λλ4634 − 40 lines are in emission, while in the observed one they are in absorption. There is also a discrepancy in fitting the N ii λλ5666 − 86 lines. These discrepancies may probably be overcome by using a more complicated velocity law for lower parts of the wind where the former lines are forming, and by constructing a more expanded atmosphere, because the latter lines appear in emission when the temperature decreases to 23 kK. The O ii λλ4415, 4417 and O iii λ5592 lines were used to estimate the oxygen abundance, while the C iv λλ5801, 5812 and C iii λλ1175, 1247 lines -to derive the abundance of carbon. We did not use other carbon lines, e.g. C iii λλ4647, 4650, 4652 and C iii λ5696, to derive the abundance of this element because they are sensitive to a variation of T eff ,Ṁ and the surface gravity log g, and to the inclusion of other ions, e.g., Fe iv, Fe iv and S iv, in calculations (Martins & Hillier 2012) . We also determined the abundances of silicon and sulphur using lines of these elements detected in the HRS spectrum. For the abundances of phosphorus and iron-group elements we adopted half-solar values because of the low metallicity of the LMC (Z = Z⊙/2).
SPECTROSCOPIC OBSERVATIONS OF THE CIRCULAR SHELL
As noted in Section 3.1, the RSS spectrum of the nebula was obtained with the slit oriented south-north (PA=0 • ) and placed on the star. In the two-dimensional (2D) spectrum of the shell we detected the emission lines of Hγ, Hβ, Hα, He i λ5876, [N ii] λλ6548, 6584 and [S ii] λλ6717, 6731. All of them are visible on both sides of Sk−69
• 279. The [O iii] λλ4959, 5007 lines are absent, which indicates a low ionization state in the shell.
The upper panel in Fig. 9 plots the Hα and [N ii] λ6584 emission line intensities along the slit. Both lines appear everywhere along the slit and their peak intensities show clear correlation with the shell. In the northern direction the slit crosses a region of enhanced brightness (identified as knot N in Weiss et al. 1997), which is manifested in a factor of two higher intensity of the lines. This panel also shows that the star is offset by ≈ 1 arcsec towards the brighter part of the shell. The offset and the brightness asymmetry might be caused by either interstellar medium density gradient in the north-south direction (cf. Section 2) or by stellar motion to the north (cf. Section 6), or by both effects. The bottom panel in Fig. 9 shows the distribution of the Hα heliocentric radial velocity along the slit. Using this distribution, we estimated the systemic heliocentric radial velocity of the shell to be ≈ 230 ± 10 km s −1 , which agrees with that measured by Weis et al. (1997) , and is offset by 20 km s −1 with respect to the background H ii region.
The nebular forbidden lines of [N ii] are also visible in the HRS spectra of Sk−69
• 279, where they are resolved in two components (see Fig. 10 ), originating in the approaching and receding sides of the circumstellar shell. The heliocentric radial velocities of these components are, respectively, 215.3±0.5 and 243.7±0.6 km s −1 , implying the systemic velocity of the shell of ≈ 230 km s −1 , which is in a good agreement with the estimate based on the RSS spectrum.
1D RSS spectra of the shell were extracted from a region of radius of 10 arcsec centred on Sk−69
• 279 with the central ±3.5 arcsec excluded. The resulting spectrum is presented in Fig. 11 . Table 5 gives the observed intensities of all detected lines normalized to Hβ, F (λ)/F (Hβ), as well as the reddening-corrected line intensity ratios, I(λ)/I(Hβ), and the logarithmic extinction coefficient, C(Hβ). The latter corresponds to the colour excess of E(B − V )=0.34±0.02 Table 5 were measured with program described in Kniazev et al. (2004) . We also derived the electron number density using the the [S ii] λλ6716, 6731 lines, ne([S ii]) and added then to Table 5 . The obtained density is at the low end of the range of densities measured for circumstellar nebulae around LBVs (Nota et a. 1995; Smith et al. 1998) , which is understandable given the large extent of the shell (cf. Weis et al. 1997) . To calculate C(Hβ) and ne([S ii]), we assumed that Te = 10 4 K; for lower values of Te the derived figures remain almost the same.
mag. The lines in
Using the reddening-corrected intensities of the [N ii] and [S ii] lines, we estimated the nitrogen to sulphur abundance ratio, which, according to Benvenuti, D'Odorico & Peimbert (1973;  and references therein) is given by:
This ration is almost independent of ne and Te, provided that these parameters are, respectively, 1000 cm −3 and 10 4 K. Although our spectrum of the shell did not allow us to estimate Te, it is reasonable to assume that it is 10 4 K (see, e.g., Nota et al. 1995; Smith et al. 1998 ). Using the above equation and the N (N + )/N (S + ) ratio in the surrounding H ii region to be 1.42±0.14, which agrees within the margins of error with the value of 2.75 +2.04 −1.17 measured for H ii regions in the LMC (Russell & Dopita 1992) . Since the S abundance do not change much in the course of stellar evolution, one can conclude that the N abundance in the shell is elevated by a factor of ≈ 34 +36 −17 with respect to the LMC value, and that the shell is composed mostly of the CNO-processed wind/ejecta material from Sk−69
• 279 (cf. Weis et al. 1997 ). This conclusion is supported by the estimate of the surface N abundance of Sk−69
• 279 (see Table 4 ), which is enhanced by about the same factor as in the shell (see next section). Using the LMC abundances of N and S from Russell & Dopita (1992) , we derive a N abundance of the shell of log(N/H) + 12 = 8.68. We caution that this value could be somewhat overestimated if the shell contains some amount of S ++ .
DISCUSSION
From Table 4 it follows that the surface of Sk−69
• 279 is highly enriched with nitrogen, while the total surface C+N+O abundance agrees within the error margins with the LMC metallicity, implying that there is CNO-processed material on the stellar surface. Fig. 12 shows the position of Sk−69
• 279 in the Hertzsprung-Russell diagram along with evolutionary tracks from Brott et al. (2011) for (single) stars with the LMC metallicity and two values of the initial rotational velocity, vinit, of ≈100 and 400 km s −1 . If Sk−69
• 279 was originally born as a single star, then one can infer that its initial mass was Minit ≈ 30 − 35 M⊙ and that this star is either near the end of the main sequence phase or has recently left it. The enhanced N abundances in atmospheres of main sequence O and early-B stars was discovered by Lyubimkov (1984) and interpreted as an indicator of deep internal mixing of the CNO cycle products. Since the beginning of 2000's the mixing is included in stellar evolution models (e.g. Heger & Langer 2000; Meynet & Maeder 2000) and it is believed that it is caused by the stellar rotation. Whether the rotational mixing is the main cause of enhanced surface N abundance in some OB stars is, however, still a subject of debate. Besides the fast stellar rotation, the surface N abundance could also be enhanced because of binary interaction processes (e.g. Langer 2012; see also below).
The models by Brott et al. (2011) show that the higher vinit and Minit of a star the higher its surface He and N abundances. For stars with Minit ≈ 30 − 35 M⊙ and vinit 400 km s −1 the rotationally induced mixing can enhance these abundances, respectively, by factors of ∼ 2 − 3 and 30 well before the stellar surface will become enriched by fusion products because of the first dredge-up.
In Table 6 , we compare Sk−69
• 279 with three model stars from Brott et al. (2011) • 279 and the model stars are enhanced with respect to the LMC N abundance of 1.0 × 10 −4 (a value adopted in Brott et al. 2011) . One can see that all three models reproduce fairly good the main parameters of Sk−69
• 279, such as T eff , L * and the surface abundances, and suggest that this star is ≈ 6 − 6.5 Myr old. In models 1 and 3, the predictedṀ and the He and N abundances are somewhat lower than the values derived for Sk−69
• 279. These quantities, however, increase with the increase of vinit and in model 2 they better match the corresponding parameters of Sk−69
• 279 (the C and O abundances predicted by this model, however, are lower than in Sk−69
• 279). Interestingly, when the star transitions from core-H to core-He burning and contracts, model 2 shows a factor of 10 increase inṀ on a time scale of ∼ 1 000 yr 5 , while other stellar parameters remain almost intact and comparable to those of Sk−69
• 279, except of the surface rotational velocity, v surf , which slows down by ≈ 30 per cent on the same time scale. For even higher vinit, the mass fractions of He and N on the surface of a 30 M⊙ star increase, respectively, to ≈0.8 and 3 × 10 −3 . Such fast-spinning stars, however, are much hotter than Sk−69
• 279 and remain always in the blue part of the Hertzsprung-Russell diagram. Table 6 also shows that v surf of all three model stars is higher than v sin i measured for Sk−69
• 279. Although we cannot exclude the possibility that Sk−69
• 279 is oriented nearly pole-on and therefore its rotational velocity is actually higher, it is also possible that this (presumably initially fast-spinning) star has reached the limit of hydrostatic stability (Ω-limit; Langer 1997 Langer , 1998 and ejected its outer layers either instantly or during a brief episode of enhanced mass loss. If so, this might be responsible for the formation of the circumstellar shell and slowing down the stellar surface and its enrichment in helium and nitrogen. The origin of the shell around Sk−69
• 279 could also be due to enhanced mass loss caused by the bi-stability jump, while the presumably high initial rotational velocity of this star may be significantly reduced because of the bi-stability braking (Vink et al. 2010) .
While the major parameters of Sk−69
• 279 could be explained fairly well in the framework of rapidly rotating single star models, it is also possible that this star is the product of binary evolution and that its enhanced He and N abundances are because of accretion of CNO-processed material from the binary companion star or due to merger with this star. Both these processes could also be responsible for spinning up and rotational mixing of Sk−69
• 279, and thereby for enhanced mass-loss and additional enrichment of the stellar surface in He and N. According to Sana et al. (2012 Sana et al. ( , 2013 , the majority of massive stars are members of binary systems and the evolution of many of them is strongly affected by interaction with a companion star already during the main sequence stage (see also de Mink et al. 2014) .
The above considerations support the proposal by Lamers et al. (2001) that fast-rotating stars could produce LBV-like nebulae while they are at or near the end of the main sequence phase. The same conclusion was also drawn from studies of the blue supergiants Sher 25 (B1.5 Iab; Smartt et al. 2002; Hendry et al. 2008) , TYC 3159-6-1 (O9.5-O9.7 Ib; Gvaramadze et al. 2014a ), [GKF2010] MN18 (B1 Ia; Gvaramadze et al. 2015) and HD 168625 (B6 Iap; Mahy et al. 2016 ), all of which are associated with compact circumstellar nebulae. The bipolar morphology of these nebulae strongly suggest that their central stars were nearly critical rotators in the past (the projected rotational velocities of these stars are similar to that of Sk−69
• 279), while the CNO abundances of the stars indicate that they are either near the end of the main sequence or just evolved off it.
The ejection of the outer layers of fast-spinning stars can not only result in the origin of circumstellar nebulae and slowing down these stars but, presumably, may also be accompanied by the LBV-like variability. The bloated atmosphere of Sk−69
• 279 and its moderate wind velocity may, therefore, be residual of the LBV activity in the recent past.
To conclude, we note that the 20 km s −1 difference between the radial velocities of the circumstellar shell and the local ISM hints at the possibility that Sk−69
• 279 is a runaway star (cf. Danforth & Chu 2001) . This possibility is supported by the isolated location of this star from known star clusters (cf. Gvaramadze et al. 2012b) . If the brightness asymmetry of the circumstellar shell around Sk−69
• 279 is caused by motion of this star to the north, then its possible birth place is the open star cluster [M87] OB 6 (Melnick 1987) , located at about 5 arcmin (or ≈70 pc in projection) to the south. The age of this cluster of 15 +15 −10 Myr (Glatt, Grebel & Koch 2010) agrees within the margins of error with the age of Sk−69
• 279 of ≈6-6.5 Myr. 
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